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(57) Abstract 



Method and apparatus for non-invasively determining glucose level in fluid of subject, typically blood glucose level. A particular 
device (10) is mounted on the skin of the patient for a fixed period of time. The device (10) is mounted on the skin such that a substrate 
such as paper (12) or gel or an aqueous glucose solution carried by the device are in contact with the patient's skin. Water and/or glucose 
migrates between the substrate (12) or the aqueous glucose solution of the device. The degree of migration of the substance in question is 
monitored, for example the amount of glucose remaining in an aqueous solution of the device is measured at the end of the fixed period. 
This can be done by a conventional or other spectrophotometry method, for example. The glucose level is determined based on the degree 
of migration of the migrating substance. That is, the degree of migration is correlated with previously determined fluid glucose levels 
based on directly measured fluid glucose levels. In another approach, impedance of skin tissue is measured and the measurement is used 
with impedance measurements previously correlated with directly determined glucose levels to determine the glucose level from the newly 
measured impedance. It is thus possible to routinely non-invasively determine fluid glucose levels. 
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METHOD & APPARATUS FOR 
NONINVASIVE DETERMINATION OF GLUCOSE IN BODY FLUIDS 

FIELD OF THE INVENTION 

The present invention relates to non-Invasive methods and devices for 
5 determining the level of glucose in a body fluid of a subject. 

BACKGROUND OF THE INVENTION 

There are numerous reasons for determining me level of glucose present fn 
body fluid of a subject In the case of a person suffering from diabetes, It is often necessary to 
determine the glucose level In blood daily, or even more frequently. Non-invasive approaches to 

1 0 determination of blood glucose levels have been suggested in the patent literature. For example, 
United States Patent No. 6,036,861 (issued to Sembrowich et al on August 6, 1991) describes a 
wrist-mountabte device having an electrode which measures glucose present in sweat at the skin 
surface. United States Patent No . 5,222.496 (issued to Clarke et a/, on June 29, 1 993) describes 
an infrared glucose sensor mounteble, for instance, on a wrist or finger, United States Patent 

15 No. 5,433, 1 97 (issued to Stark on July 1 8. 1 S95) describes determination of blood glucose 
through illuminating a patient's eye with near-infrared radiation. United States Patent Nos. 
5,115,133, 5,146,091 and 5,197,951 (teaued to Knudson on May 19, 1992, September 8, 1992 
and January 19, 1993, respectively) describe measuring blood glucose within blood vessels of a 
tympanic membrane in a human ear through light absorption measurements. The specifications 

20 of ail of these patents are Incorporated herein by reference. 

The most common current approaches to determining blood glucose levels still 
appear to involve obtaining a sample of the person's Wood and then measuring the level of 
glucose In the sample. These approaches will not be reviewed here except to say that obtaining 
the blood sample necessarily involves an Invasive technique. Generally, the person's akin is 

25 broken or lanced to cause an external flow of blood which is collected in some fashion for the 
glucose level determination. This can be both inconvenient and distressful for a person and it is 
an object of the present invention to avoid the step of obtaining a blood sample directly, at least 
on a routine or daily basis. 

It is known that skin tissue, when immersed in an aqueous glucose solution, 

30 equilibrates linearly with the concentration of external glucose f Glucose entry into the human 
epidermis. I. The Concentration of Glucose in the Human Epidermis', K.M. Haiprin, A. 
OhkawaraandltAdachi, J. invest Dermatol., 49(6); 559, 1987; "Glucose entry into the human 
epidermis. II. The penetration of glucose into the human epidermis in vitro 9 , K.M. Haiprin and A. 
Ohkawara, J. invest Derm., 49(6): 58 1,1 967). It has also been shown th at ski n glucose can 

35 vary in synchrony with blood level glucose during standardized tolerance testing In vivo (The 
cutaneous glucose tolerance test I. A rate constant formula for glucose disappearance from the 
skin", R.M. Fusaro^J A Johnson andXV. Piisum, J. Invest Dermatol., 42: 359,1964; The 
cutaneous glucose tolerance test" , R.M. Fusaro and J A. Johnson, J. Invest Dermafo/ 44: 
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230, 1969). II Is also known for equilibration of glucose levels to occur between blood end 
Interstitial fluids in contact with Wood vessels fA micmdlafysis method allowing characterization 
of Intercellular water space in human", P. Lormroth, P. A Jensson and U. Smith, Th* American 
Journal of Physiology. 253 (Endocrinol. Metab.. 18): E22W231, 1057; 'Assessment of 
5 subcutaneous glucose conocntratton; vaQdation of the wfck technique as a reference for 

implanted electrochemical sensors In normal and diabetic doss," U. Fischer, R ErtJe, P. Abel, K. 
Rebrfn, E Brunstebi, H. Hahn von Doreche and EJ. Freyee, Otoafofttfs, 30: 940, 1987). 
Implantation of cfiafysls needles equipped wfth glucose sensors has shown that orally Ingested 
glucose load is reflected by parallel changes in skin tissue glucose. 

10 SUMMARY OF THE INVENTION 

The present invention Is a method and apparatus for norWnvaefcety monitoring 
levels of glucose In a body fluid of a subject TVpioelly, blood glucose levels are determined in a 
human subject 

In a preferred embodiment, the Invention is s method for norHnvastoly 
1 5 monitoring glucose in a body fluid of e subject in which the method Includes steps of measuring 

Impedance between two electrodes in conductive contact wfth a skin surface of the subject and 

determining the amount of glucose in the body fluid based upon the meeeured tmpedanoe. 

Typically, the body fluid In which It is desired to know the level of glucose le blood. In this way, 

the method can be used to assist in determining levels of insulin administration. 
20 The step of determining the amount of glucose can include comparing the 

measured impedance with a predetermined relationship between impedance end blood glucose 

level, further details of which are described below in connection wfth preferred embodiments. 

In certain embodiments, impedance la measured at a plurality of frequencies, 

and the method Includes determining the ratio of one or more pairs of measurements and 
25 determining the amount of glucose In the body fluid includes comparing the determined ratio(s) 

with corresponding predetermined ratio(s). i.e., that have been previously correlated wfth directly 

measured glucose levels. 

TheaWn sfts can be located on the volar forearm, down to the wrist, or it can be 

behind an ear of a human subject Typically, the skin surface is treated with a saline solution 
30 prior to the measuring step. An electrically conductive gel can be applied to the sJdn to enhance 

the conductive contact of the electrodes with the akin surface during the measuring step. 

The electrodes can be in operative connection with a computer ohlp 

programmed to determine the amount of glucose in the body fluid based upon the measured 

Impedance. There can be en Indicator operative* connected to the computer chip for indication 
35 of the determined amount of glucose to the subject The indicator can provide a visual display to 

the subject. 
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in certain embodiments, the computer chip is operativofy connected to en insulin 
pump and the computer chip is programmed to adjust the amount of insulin flow via the pump to 
the subject in response to the determined amount of gluoose. 

Electrodes of a probe of the Invention can be spaced between about 0.2 mm 
5 and about 2 cm from each other. 

In mother aspect, the invention la an apparatus for non-Invasive monitoring of 
gluoose in a body fluid of a subject The apparatus includes means tor measuring Impedance of 
skfn tissue In response to a voltage applied thereto and a microprocessor operativety connected 
to the means for measuring impedance, for determining the amount of gluoose in the body fluid 
1 0 based upon the Impedance measurement The means for measuring impedance of skin tissue 
can Include a pair of spaced apart electrodes for electrically conductive contact wftheeJdn 
surfs oe, The microprocessor can be programmed to compare the measured impedance with a 
predetermined correlation between impedance and blood glucose level. The apparatus can 
include means for measuring impedance at a plurality frequencies of the applied voltage and the 
1 5 programme can include means for determining the ratio of one or more pairs of the impedance 
measurements and means for comparing the determined ratio(s) wth corresponding 
predetermined ratio(a) to determine the amount of gluoose tn the body fluid. 

The apparatus preferably Includes an indicator operative^ connected to the 
microprocessor tor indication of the determined amount of glucose. The Indicator can provide a 
20 vteual display forthe subject to read the determined emount of glucose. It is possible thatthe 
Indicator would indicate if the glucose level b outside of an acceptable range. 

In e particular embodiment, the microprocessor Is operatrvefy connected to an 
insulin pump and the apparatus Includes means to adjust the amount of insulin flow via the pump 
to the subject in response to the determined amount of glucose. 
25 The apparatus can include 8 case having means for mounting the apparatus on 

the forearm of e human subject with the electrodes In electrically conductive contact with a ektn 
surface of the sutyect. 

in another embodiment, the invention is a method for monitoring the level of 
glucose in a body fluid by contacting a skin surface of the subject with a substrate capable of 
30 absorbing water to permit migration of water between the substrate end the sWn. Thfo Is followed 
by monitoring the migration of water between the substrate end the skin and determining the 
amount of glucose in the body fluid based upon the monitored amount of water migration. 

The body fluid can be interstitial body fluid, but blood glucose level h likely to be 
of more interest. In situations where the level of the constituent gluoose is monitored to indirectly 
35 determine its level In another fluid, say by monitoring the level of gluoose In Interstitial fluid to 
determine the level of glucose in blood plasma, the interstitial body fluid must be reflective of the 
level in the other fluid. 

The skin can be contacted with the substrate for a predetermined time period 
and monitoring the migration of water can be weighing the substrate subsequent to the 
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contactlng tfnp Th« rim« n«riod ran Ha anywhere hArween about 1 minute and ahoiit ? hours, 
but a time period between about 5 mint/tea end about 1 hour is more preferred, but the time 
period can also be between about 10 minutes and about 45 minutes, between about 20 minutes 
and about 40 minutes or about 30 minutes. 
5 The substrate can be paper. The substrate can have a contact area with the 

skin of between about 1 cm 1 and about 9 cm 2 , or between about 2 cm 1 and about 6 cm 1 . In the 
working embodiment described further below, the contact area wae about 4 cm 2 . 

In embodiments desctibed in delaB beluw, foe subsliate beats a sufliuenUy 
small amount of water prior to the contacting step wich that th« mlrjration of water fe from th<i 
1 0 akin to the substrate during the contacting step. 

The monitoring step can Include measuring electrical resistance of the substrate 
in contact with the skin surface. The monitoring stop can include determining the length of time it 
lakes* lite timrcuiud leaistanuo tu cl.diiy* a fixed amount arid consisting this change with Wood 
nliinos* IavaIs determined Hiracfly 
16 ,n • port eulor embodiment, the invention is o method for monitoring the level of 

glucose present in a body nuk3 of a subtect wnicn includes contacting a sWn surface of the 
subject wtth an aqueous glucose solution of predetermined concentration to permit migration of 
the water and the glucose between interstitial sWn fluid and the solution. The method Includes 
monitoring the amount of glucose present in the solution and determining the amount of glucose 
20 in the body fluid based upon the monitored amount of gtucoee in the colution. The determination 
is generally based on a prior calibration In which amounts of migration have been correlated with 
directry measured body fluid amounts of glucose in question. 

The blood glucose level of the subject can be determined based on the 
monitored amount of glucose in the solution. 
25 ln an embodiment deecribed in detail below, tho predetermined concentration of 

glucose in the solution is sufficiently high that migration of the glucose is from the solution and 
into the skin. The monitoring step can include determining the amount of the glucose in the 
solution after the substrate has been in contact wtth the akin for a predetermined length of time. 
The predetermined length of time can be between about l minute and about 2 hours: between 
30 about 5 minutoe and about 1 hour, between about 10 minutes and about AS minutes; between 
about 20 minutes and about 40 minutes, ui about 30 minutes. 

The aqueous solution can include a wetting agent, for example, propyl*™ 

glycol. 

The concentration of glucose In the solution, prior to the contacting step would 
15 generally be between about 50 and about 1 000 mgs/dL; between about 200 and about 700 
mga/dL; between about 400 and about 000 mgVdL; or about 475 mgs/dL 

In one arrangement, a semipermeable membrane is located between the 
solution and the skin to provide indirect contact of the ekin and eolation therethrough during the 
contacting step. 
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As mentioned, the body fluid can bo blood and non-invasrvety determining the 
amount of glucose in the blood can Include correlating the determined concentration of glucose 
in the solution with directly determined blood glucose levels using or evtousry determined oata. 

The volumo of the colution can be between about 0.1 ml and about 1 ml; 
5 between about 0.2 ml and about 0.7 ml; between about 03 ml and about 0.5 ml; oi about 0.4 ml. 

The contact area between the skin and wilutfon can ha between ahniit 0 OS in* 
(0.3 cm 2 ) and about 4 In 2 (25 cm 2 ); between about 02 in 2 (1 .3 cm 2 ) end about 1 in* (6.5 cm 2 ); or 
about 0.4 tn 1 (2.tf cm 2 ). I he contact can De direct, or indirect, as through a semi-permeable 
membrane that permits diffusion of water and glucose. 
I o The method can be peifuimed using a hand-held device in which the solution is 

contained, the device Including a .solution contact araa rfimanfunnaH fnr contacting the solution 
with a wrist of a human subject. 

According to another embodiment oftne invention, mere is a method for 
monitoring glucose in a body fluid of a subject which Includes contacting a skin surface of the 
1 0 subject with a substrate substantially free of glucose eo as to permit migration of glucose 
between the body fluid and the substrate. 1 he method also includes monnonng the amount of 
giucoco proscnt in the cubctrato and determining the amount of glucose in the body fluid based 
upon the monitored amount of the glucose in the substrate. According to Litis embodiment, the 
substrate is free of a glucose transport inhibitor or an exogenous source of energy, or the skin 
20 has not been induced to sweat The substrate can be paper. 

1 he body fluid can be interstitial body Tiuia. but again, blood glucose level ts 
likely to be of more interest. 

The skin can be contacted with the subsuate foi a pi edelei mined lime ueikxi 
and monitoring the amount of glucose present in the substrate can include determining the 
25 amount of glucose m substrate at the end of the time period. 

in a method in wnich tne suostrate is paper, the amount or the glucose borne oy 

the paper can be determined by transferring the paper to a pre-determlned amount of water and 
delei mining lite amount of ylucuse borne by the substrate based uu the cuncenUauuit of glucose 
dissolved in the water The concentration of glucose dissolved In the water can he determined 
30 apectrophotometrically. The determination can include reacting the glucose with a reagent to 
generate a enromoohore which absorbs light in the visible range of me electromagnetic 
spectrum. 

The predetermined time period can be anywhere between about t minute and 
about 2 hours, but a time period between about 5 minutes and about 1 hour is more preferred . 
35 but the time period con also be between about 10 minutes and about 45 minutes, between about 
20 minutes and about 40 minutes or about 30 minutes. 

. A paper substrate can have a contact area with the skin of between about 1 cm 2 
and about 9 cm 2 , between about 2 cm 2 and about 6 cm 2 . In the working embodiment described 

runner below, the contact area was about 4 cm 1 . 
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According to another embodiment, the invention b a method tor monitoring the 
blood glucose level of a cubjeet which includes contacting a skin surface of the subject with a 
substrate tearing a known amount of glucose, so as to permit migration of glucose between the 
skin and the substrate: monitoring the amount of the glucose in the substrate; and determining 
5 the Wood glucose level of the subject baaed upon the monitored amount of glucose in the 

substrate. 

Tho substrate can be paper or it can be a gel, particularly a water-based gel. 
In a particular aspect, debciibcd fuiiimr Uriuw, the known amount or glucose is 
sufficiently high that migration of the glucose is from the substrata and into ma akin. 

10 Tho « n bc contacted with the substrate for o predetermined time period 

and monitoring the amount of glucose present in the substrate can include determining the 
amount of glucoao in tho substrata after tho time period. The amount of glucose borne by a 2 
cm x 2 cm paper, for example, prior to contact can be between about 0.05 and about 0.5 mgs, 
under particular circumstances, the preferred amount might be between about 0.1 and about 0.4 

1 5 mgs, or even between about 0.2 and 0.3mge. TWpaper can be. for example, trancferred after 
Ilia cunlaajna step to a f>«t«Jeittirniiiwj amount of water and the amount of glucose borne by the 
papar riatarmined haand on the concentration of glucose dissolved in the water. The 
concentration of glucose dissolved In the water can be determined spectrophotometries^. 
Further, speorophotometric determination can include reactno the glucose with a reagent to 

20 generate a chromophore which absorbs light in the visible range of the electromagnetic 
spectrum. 

The predetermined time narind nan ba anywhftr* between about 1 miniftn and 
about 2 hours, but a time period between about 5 minutea and about 1 hour is more preferred, 
but the time period can also be between about 10 minutes and about 45 minutes, between about 
25 20 minutes and about 40 minutes, er about 30 minutes. 

A paper substrate can have a contact area with the ikin of between about 1 cur 
and about 9 cm 1 , between about 2 cm 2 and about 6 cm 1 . In the working embodiment desr.ribad 
further below, the contact area woe about 4 om 2 . 

A gel substrate, as described below In connection wtth a particular embodiment. 
30 nan have a semipermeable* membrane located between the substrate and the skin to provide 
indirect contact of the skin and gel therethrough during the contacting step. 

I he concentration ot glucose in a gel substrate can be up to about 600 rngs/dl 
or between about SO and 500 mge/dL, but depending upon circumstances the preferred amount 
miyhl be between about 10O and 500 mgs/dL, or even somewhere between 200 and about 500 
35 mgR/dJ prior to the contacting step. Optimization would be carried out to determine the best 
concentration under particular circumstances, bearing in mind that a particular application, as 

already mentioned, requires mat me glucose concentration be sufficiently high"td"permir 

migration of glucose from gel to the skin. 
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Another embodiment of the invention h a device for monitoring the level of btood 
glucose of a subject. The device includes a substrate bearing a known amount of glucose, the 
substrate having tne property mat me glucose can freely diffuse, when in contact with human 
skin, along a concentration gradient of the glucose between the substrate and skin, the eubctratc 
5 including a suifaoa fut said conlact, and an occlusive covering. 

The device can ha hand-he Id devtce and have a contact area dimensioned for 
contact with o wrat of o human subject. The contact surface oen be provided by e membrane 
permease to glucose. The contact area can be between about 0.05 in 8 (0.3 cm*) and about 4 
In 2 (25 cm 2 ). 

10 The substrate of device can be paper or a gel, particularly a water based gel. 

I he volume ot the get can be between about 0.1 ml and about 1 ml. A device having a 
membrane can be provided with a rel eatable protective covering for tho membrane. 

The concentration of glucose in gel can be between about 50 mgs/dL and about 

1000mgs/dL. 

15 Another device of the invention includes a well containing an aqueous glucose 

soiUDon of predetermined concentration and a surface beanng a pressure-sensitive adhesive 
surrounding an upper portion of the well, to permit mounting of the device on a ckin surface of 
the subject with the solution in contact with the skin surface. 

The device ran include means for obtaining a sample of the glucose solution 

20 from the well when the device is mounted en the ekin surface. A preferred means is a 

membrane located to be accessible when the device is mounted on the skin surface ana sucn 
that it may be punctured in order to obtain the cample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be described, reference being 
25 nad to me accompanying drawings, wherein: 

Figure 1 shows a first embodiment device of the present invention in which the 
substrate is paper; 

Figure 1 a shows a variant of the first embodiment rievtcn; 

Figure 2 is plot of spectre! abaorbance at 635 nm of the eluate of paper strips 
30 treated with glucose plotted against the amount (mgs) of glucose added to the snips. I ne eluate 
of the paper was treated with a Toluldine Glucose Reagent Kit, (99635, Sigma. St. Louis. 
Missouri); 

higures 3 and 4 are representative plots of spectral absorbance (635 nm) nf 
eluate of paper strips ve the directly determined blood glucose level of human subjects (mmol/L). 
35 Fui each point, the subject was Ueated for thirty minutes with a paper strip to which 0.1 ml of 

solution (glucose. 300 milligrams percent, and chelate sodium salt, 2 grams percent) had been 

applied ond dried under ambient conditions. The eluate of each paper atrip waa treated with a 
ToluWlne Glucose Reapent Kit and absorbance determined (V-a»s). After the thirty minute 
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exposure. a blood sample was taken from the subject and the Wood glucose level determined 
directly from the sample using an Elite Giucometor (x-axis); 

Figure 5 te a plot of specti al absot banc* (635 urn) of eluale of paper strips vs 
directly determined Wood glucose levol of human subjects (mmol/l ) Tha mndhiorw under 
5 which tho capcrimonto wcro conducted were similar to thoae described for Figures 3 and 4, but in 
this case, urea; 10 grams percent had also been applied to each paper strip; 

Rguro 6 shows a second embodiment device of the present invention; 

figure 7 is a plot of effusate glucose concentration (mgs/dl) vs effusion time 
(minutes), obtained using the second embodiment ot the device. The gel of the device was 
1 0 composed of Carbopol 1 grem percent ond glucose 400 mgc woight percent in water. The 
device was oibtited wllb Uw> membrane facing upwardly and a volume of water (50 or 100 pQ 
was place on the membrane. Glucose was allowed to effuse from gel across the membrane 
and into the drop of water where initial concentration of the glucose was zero. The concentration 
of glucose present in the known volume of water was measured at 1 o minute intervals with an 
1 5 Elito Glucometer and plotted as a function of timo; 

Figure 6 is a representative plot of ttffusate glucose concentration (mgsAJL) vs 
effusion time (minutes), obtained using the second ambodimanl davina after h«ino placed in 
contact with a poreon'o oWn. Tho gel of tho device woj composed of Carbopol 1 gram percent 
and glucose 400 mgs percent The top curve of the plot shows effusion of olucose from gel in a 
20 calibration experiment prior (pre) to application to skin. The bottom curve shows results obtained 
after (post) application of device to a person's wrist for 30 minutes; 

higure 9 is similar to Figure 8 but in this case urea 5 gms percent was also 
included in the gel oompocrtion uocd to obtain the results; 

Figure 10 Is a plot of weight (mgs) of water absorbed and retained by a paper 
25 (first embodiment device) from a person's skin over 30 minutes as a function of tho person's 
blood glucose level (Mmol/L) measured directly using an Elite Glucometei ', 

htgure Ilea plot oi the concentration of glucose present in a papar substrata 
(first embodiment devioe) (abcorbanco at 505 nm) determined U3ing the Trinder Glucose 
Reagent Kit, #3 1 5-100, (Sigma, St Louis. Missouri) as a function or wetg.ru (mgs) of water 
30 ahsnrhad and retained by the paper substrate from a person's skin over 30 minutes; 

Figure 12 b a plot of electrical resistance (MQ) against time (minutes) as 
measured through an EKG type electrode used as an occlusive bandage for a paper substrate; 

Figure 13 show the data of Figure 13 replotted as log resistance ac o function of 

time (minutes); 

35 Figure 14 is a plot nf the tima (minuras) taken for DC resistance to decrease a 

standardized omount (1 60 x 1 0 3 fl) using the EKG type electrode as an occlusive backing for a 

— paper substrate held against tne sxin of a person, plotted against the bloodglufcose level dt trie 

parson, measured directly; 
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Figure 15 is a representative plot slnwing glucose umeenlraUon (mgs/dL) 
retained in 0.4 ml of an aqueous solution contained in the well of a variant of the Figure 6 device 
(a©* text) after exposure to a person's akin for 30 minute* as a function of the person'* Wood 
Otucose level iMgs/U measured direcdy using an Bite Giucomeier. Intel glucose concentration 
5 was 475 mgs/dL; 

Fiyuie 10isa ploLshuwity the leadiiiy (avei aye of len leadings) ufa Jet ma I 
phasfl mAter as a function of directly dfttermined blood o lllcnRft concentration Measurements 
were taken on e arte on the left forearm (•) end right foreerm (•); end 

Figure 17 is similar to Figure 16. but readings were taken at a finger. 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Turning to Figure 1 ot the drawings, patch device 10 Includes absorbent paper 
ctrip 12, occlusive barrier 14, eoft contour cushion 1$. and adhesive top plasto bandage 18. 
Paper strip 12, .can be, for example, a 2 cm x 4 cm piece of chromatography paper (Whatman 
No. 1 Chr) folded over on itself to form a square. Occlusive barrier 14 is of an impermeable 

1 5 flexible plastic material bonded to soft contour cushion 16. Contour cushion 16 is bonded to 
plastic bandage material 18. Device 10 is placed over a skin site, typically the wrist, and held in 
place by ends of bandage 18 bearing a skin adhesive. The absorbent paper strip is then inserted 
between Uie skin and occlusive baniei 14 lu peunil Uanspoit of biochemical* uf inleiesl between 
the skin and the paper substrate Such Nnr.hemir.ais nf interest include QliirawA w * r * r 

20 involved in monitoring the diabetic condition of skin. 

Alternatively, the absorbent paper strip may be positioned beneath a metal 
electrode 20 which is inserted between device 10 and the ckin. as illustrated in Figure 1a. 

In use, device 10 hi placed ovei the skin site and fixed by attaching adhesive 
ends of bandage 18 to the skin. The absorbent paper substrate is inserted between the skin and 

25 occluded surface 14 of the device in experiments described further below, e atock equeou3 
solution ot glucose was made to the concentration requirea to provide a desired amount or 
glucose to be deposited by micropipette to the paper strip which was allowed to dry at room 
temperature prior to use. The amount of glucose remaining with the absorbent paper suUsUale 
alter skin contact was determined by inserting the paper strip into a screw cap test tube. Test 

30 roagont (Toluidino Kit, *63S 6, Sigma, St. Lou») was admitted, the cap attached and the mixture 
heated at 100*C for 10 minutes. The color which developed was measured at a wavelength of 
> 635 nm in 1 cm transmission spectral cells and the concentration of glucose present determined 
from the amount of spectral absorption. Absorbance as a function of known amounts of glucose 
added to paper stnps is plotted m Figure 2. to establish that observed absorbance is in proportion 

35 to the amount of glucoce proccnt 

in one seLuf experiments, the chromatographic papeLwas loaded wtth_0. 1 ml of 
a solution (glucose, 300 mgs percent and r.hnlate sodium salt. ? gms percent) and dried in room 
air. Cholatco hove been found to enhance penetration of glucose into en externel hydrogel as 
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d«sr.rih«l in Unfed States Patent No. 5.1 39.023 (issued to Carey etal. on May 24, ig88). the 
specification of which is incorporated herein by reference. Tlw amount of glucose remaining 
with tne substrate after 30 minutes was plotted as a function of Wood ol,,™** determined directiy 
from a blood camplo uring o lancet prick end measuring the blood glucose concentration using 
5 an Elite Glucometer (Miles Canada, Diagnostic* OMston. Division of Bayer). Typwai results are 
shown In Figure* 3 and 4. United States Patent No. 4.745,508. the specification of which is 
incorporated heroin by reference, describes bile salt analogs that have penetration enhancement 
properties. 

Another set of similar experiments was carried out in which tho chromatography 
10 paper was loaded with 0.10 nil of a «Huiioi. (glucose. 300 mgs percent and urea. 10gms 
percent) and dried In room air. The rewrite am plntted in Figure 5. 

Another embodiment of e device of ihe Invention rs patch device 22 shown in 
Figure 6. Device 22 includes a substrate well 24 (Methocel gel 0.5%. isotonic (sodrum chloride) 
Gel. and buffered Isotonic Gel and gel with penetration enhance* euch ae urea, outethutcd 
1 5 ureas, cholates, lecithins, aliphatic alcohols. aliphatic adds, subsisted aliphatic acids and 
emuttiners). lower membrane material 26 (BinFill - NolnniMl skin substitute, microcrystalline 
cellulose. Products* Bloteonologiooa 6A, Bom Retire, Curittbe. Parana. Oraal). insert rubber 
ring 2A and upper Impermeable transparent plate 30. The transparent plate could be replaced 
by a second membrane. Intermediate collar 32a, having adhesive on both te upper and lower 
20 surfaces, secures the lower membrane lu U.e rubber ling. Upper collar 32b, having adhesive on 
boih its upper and lower surfaces. sect,™ traasrwmnt plate. 30 to the rubber ring. Lowermost 
collar 32c. having adhesive on both its upper and lower surfaces, secures protective 
impermeable tape 34 to the underside of the device so that the tape covers lower membrane 26. 

For use. the well is filled with a glucose solution and the device is closed by the 
25 upper impermeable plate and the bottom membrane. A skin site is prepared by wiping with a 
preparatory pad and allowed to dry. The lower protective paper * wmoved from the. lower 
adhesive collar and the device ic plocod in contact with the akin. The inner diameter of ring 
wuukJ typically be between about 025 Inches (0.64 cm) and about 0.5 inches (1.3 cm) and it 
could typically have a depth of between about 0.04 inches (0.1 cm) and about 0.16 inches (0.4 
30 cm). Theae dimensions ofcou.se cen be optimized ui terms of U.e overall gel volume needed or 
desired and the surface area provided for exposure to person's skin In n<u> The. rower collar 
typically has an outer diameter of about 1 V. inches (3.2 cm) and egein the collar dimensions and 
adhesive used can be varied to obtain suitable adhesion of the device to a person s skin tor the 
length of time it is rn be adhered thereto. 

35 01her P°»slbl© materials that might be used as a membrane include 

membranous tissue material used to make Klingjite™. Natnralamh™ natnml skin condoms. 
Trojan*" premium product, Carter Wallace. Cranbury. New Jersey. USA." Cyclopore 
membranes, hydmphylic and hydrophobic. (Wl.abnan Inc.). and Gelman membranes. Any 
semi-permeaDie membrane that permits the soh»t fl (s) nf kitnmst to diffuse therethrough 
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repf odudbiy would be suitable. Carbopol is a polymer of acrylic acid cr osslinked with a 
polyfunctional agont (B.F. Goodrich). Another possible gel would bo Mothocol (Dow Chemical, 
Midland, Midiiyaii), which is a walei nrejduJe pulymei ufliydjuxypiupyl meUiylcelluluse. Oliiei 
gelling agents include collagen, gelatin, silica gel and other hydrophilie materials which provide 
5 gel strength > cSaoorve the eolute(s) of interest end permit diffusion of the aolute(s) . Col solutions 
used may contain sufficient sodium chionae and sodium bicarbonate to establish isotonic 
conditions compatible with that of interstitial fluid. Isotonic gel, pH and other agents may be 
adjusted to facilitate penetration of glucose through stratum comeum. The membrane and gel 
must be compatible with each other to the sense that the membrane must retain the gel while 

1 0 permitting diffueion of the colute(o) of intorect. 

As with the paper substrate described above, the gel is usually loaded with 
glucose and the glucose concentration is chosen to be great enough to diffuse through the lower 
membrane and into the skin. It might be found preferable to manufacture more than one 
standard or pre-seiected gel, say tnree gets, having low. medium ano high glucose 

1 5 concentrations that each provide satisfactory performance under particular circumstances. For 
example, il might be fuuitd thai a gel having a relatively high glucose concentration works 
particularly waII for use following a hnavy maal Thn optimum value would he determined by the 
need to exceed the peak load while at the same time avoiding saturating the skin site, but at the 
same time the necessity of having a measurable difference between the initial and final levels of 

20 glucose in the substrate gel. It might be necessary to select based upon individual glucose 
tolerance curve*. Optimization of sampling time might vaiy depending upon site ylucuse levels 
and the rate of transfer possible to achieve between the gal and site 

After o given length of time, device 22 w removed from the subject's skin. The 
glucose concentration In the gel can De determined by inserting the electromerrtc probe of an 

25 Elite Glucometer into the gel and drawing a small amount of the solution, about 3 pi, into the 
probe. The glucometer yields a leading in about a minute. 

Results obtained using device 22 are shown in Figure* 7. A and 9 In a first set 
of experiments (Figure 7), a gel substrate (loaded with glucose. 400 mgs percent) was placed in 
the reservoir well and calibrated by measuring the concentration or glucose which had effused 

30 across the semipermeable membrane into a 1 00 pi drop of water placed on top of the 

semipermeable membrane {the device being in a position inverted to that shown In Figure G). 
Figure 7 shows the concentration oi glucose measured in the water droplet as a function of time. 
Conversion of concentration data to logarithmic form shows that the glucose effuses from the 
tesei vuii well into lite water drop according to first-order kinetics for mass transfer, that Is. that 

35 tha transfer of glucose into the external volume of water is consistent with a diffusion -limited 
process. 

In another set of experiments, tne-oevtce was placed on the wnst ot human 
subjects with the semipermeable membrane against the skin to permit glucose to diffuse from 
the reservoir well across the semipermeable membrane into the skin for thirty minutes. 
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Thereatter. the calibration procedure was repeated to determine the remaining cnnr*nrratif>n 0 f 
glucoee. Figure 8 chowo tho calibration procoduro pre- (upper plot) and poet-epplioation (lower 
plot) of the device to skin of human subjects. Tne slower rate of effusion of Glucose (post vs pre) 
from the reservoir chamber into a 100 ul water drop indicates that post glucose concentration k 
5 leaa then that of the pre condition. The difference in glucose concentration reflects the amount 
of glucose which diffused from me gel Into tne sfcn. 

Similar experiments were carried out with a eimOer gel containing 5% urco, the 
lesulls being shuwst in Figure 9. 

In another series of experiments, effusion of water from the slon was measured. 

10 Water taken up from the akin using an occlusive patch device similarto that shown in Figure 1 
was determined. In these experiments, however, no glucose was added to the paper prior to 
positioning the device on a person's skin, in a first set of experiments, the device wae left in place 
for 30 minutes and then the paper we* weighed. Tho poison's UouU glucose level was also 
determined directly using an Elite glucometer as described abovA. RapresAnfafive data are 

1 5 plotted in Figure 10. As can bo aeon, thoro b on increase in water absorbed by tho peper from 
the skin with increasing blood glucose concentration. 

These experiments were extended by measuring the amount of glucose taken 
up by the paper substrate of the device as determined using e Trinder enzymatic assay. The 
amount of glucose (absoroance at 505 nm) plotted as a function of the amount of water taken up 

20 from the skin water (mge) te chown in Figuro 1 1 . 

A similar experiment was carried out In which occluded paper strips were 
anary7«H fnr water absorbed and retained in situ using EKG type metal electrodes for occlusion, 
Hgure 1a. DC ohmmeter type instruments showed that retention of watei uiwJei u rnelal 
electrode occlusion decreased DC resistance. See Figures 1 ? And 13 In FirjMm 1?. electrical 

25 reeietance (MO) ic plotted oc o function of time, in Figure 1 3. log R is plotted as function of time, 
showing that the decrease in resistance b, at least approximately, a first order process. Blood 
glucose levels were also determined directly, a* before, over time. Tho tim* taken for roeistance 
to decrease a standardized amount (150 x 10*0) was plotted against Uie dkoUly umasuied 
glucose level. See Figure 14. As can be seen, the tome tor the resistance to decrease the 

30 standardized amount decreased with the directly measured blood glucose level. 

A mudificaiiun of the Figure 0 device was used to obtain tne results shown In 
Figure 15. In the modified device, upper plate 30 and collar 32b were replaced with an adhesive 
film. Lower membrane 26 and intermediete collar 32a were omitted, collar 32c remaining for 
adherence or the device to the skin. Well 24 was Tilled with a 0.4 mi ot solution having a glucose 

35 concentration of about 475 mgs/dl and about 5 gmc percent of propylene glycol. Propylene 
glycol b a welling agent used Lo enhance diffusive contact of the aqueous solution of glucose 
with the skin. The device. oflehfSd in a rxisTtioTHnvftrtwl to th1nt¥i«brated, was fixed to the skin by 
lifting the fiUed horizontal devico to bring it into contact with the forearm of a subject held 
lioiizuiiiaHy above Uw device. The arm with the oevice amxed thereto can be moved freery. 
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without particular restraint, although car© must be taken to avoid disturbing the device and to 
preclude detachment from the dim. Aflwi about tliiily minutes, Ui« aim was oriented with the 
device oriented upwardly with the outer film on top. The film was punch ired end the electrode tip 
of an Etito Glucomotcr was incortod directly into the oolution in the well of the devioe to measure 
5 the glucose concentration. 

Blood glucose levels were determined as above and glucose level of the 
solution (mgs/dL) was plotted as a function of the blood glucose level. 3ee Figure 15. As can be 
seen, the Qtucose remaining tn the device after 30 minutes decreases with increasing blood 
glucose level. 

10 Another embodiment of the invention involves measurement of Impedance at 

the skin surface. Eirperimento were carried nut with measurements being taken with a dermal 
phooo motor (DPM) ovoiiobto from Novo 1 * Technology Corporation of Gloucester, 
Massachusetts. Measurements were taken at two skin sites, the forearm and the middle ringer. 
The scale of the meter is from $0 to 999. it is thought that a higher reading indicates a higher 

12 degree of skin hydration. Blood glucose measurements were also measured directly (MysAJL) 
using an Elite Glucometer. as described above. Measurements were taken at various rimes tn 
track changes in akin hydration from that present while fasting overnight, attending ingestion of a 
typical meal for breakfast or lunch and following a peak of blood glucose and decline to about 

100 Mgs/dL. 

20 In these experiment, a probe sensor was placed against the skin surface and 

heW liohtly until the instrument indicated completion of date acquisition. Time interval (latch time) 
for data acquisition wae eelected at zero ecconds (instantaneous). Other suitable time periods 
can be anywhere 0 and 30 seconds, or between 0.5 and about 10 seconds, or between about i 
and 5 seconds or ahnnt 5 seconds. The results obtained using the dermal phase meter are 

25 plotted as function of blood glucose concentration in Tigures 1 6 and 1 7, respectively. Each 
plotted point represents the average onu measurements using the dermal phase meter. 

Tho data of Figures 10, 12 and 1 A show that water abcorbod by a paper 
substrate (for a fixed peiiud of time) increases wUh inct easing blood glucose concentration. The 
data of Figure 1 1 show that thfl amount of glucose which migrates to a paper substrate (over a 

30 fixed time period) inoreeses with increasing blood glucose concentration. It is thus clear that both 
water and glucose are capable of migrating tnrougn the corneum stratum of the skin. The data 
of Figure 1 5 show that migration of glucose from water (of a device containing 0.4 ml of a 475 
mgs/dL glucose In water solution) intu Uie skin increases with increasing blood glucose. Figures 
16 and 1 7 indicate that the degree of hydration of the skin increases with increasing blood 

35 glucocc concentration. 

A possible explanation tor the foregoing observations is now given, aitnough tne 
inventor does not wtsh'to be limiteo*Tyany theory'~The approach used to obtain the results 
shown herein, and in particular in figures 15 to 17, can be used to non-invasrvery determine the 
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blood glucose level of a siihject and this benefit of the Invention is not diminished by the 
prcoonoo or absence of the following explanation. 

tt Is assumed that the pathway oy which water travels Into the skin is by means of 
interstitial spaces or channels. From the results of Figure 10 it b inferred that the water 
5 contained in such internal spaces inueuses wttli increasing blood glucose concentration. As 
the glucose concentration of such interstitial fluid » r«fl*dv© of blood glucose level, the glucose 
concentration in the interstitial fluid oJoo increaaea whh increasing Wood glucose concentmlion. 
As an explanation for the downward slow of the data plotted in hgure 15. a two-step proems is 
nropoRftd Firstly, water from the device "hydrates' the ekin. Water diffuse* moro rapidly then 
10 glucose from the device Into the interstitial spaces to which it has access U11 ough the stratum 
corneum. There Is a limit to the amount ot water which can be oontain«H in Ri»ch spaces. In a 
second, slower step, but one whioh ie promoted by inorcQaed hydration of the akin, glucose 
diffuses from the device UHo the Interstitial channels, it would be expeaed that the rate otthe 
second step would ha in Rome proportion to the difference between the concentrations of 
1 5 glucose in the device end the interstitial spaces. In any event, since the deyiee uf skin hydration 
increases with the blood glucose ot the subject, 'full" hydration of the skin through the first step of 
the process occurs more rapidly with Increaeing blood glucose concentration. Thb in turn means 
that the second step occurs muie leadily when the Wood glucose of the sublect Is higher, it is 
thus observed that the amount of glucose which diffuses from the device into the skin increases 
20 with increaeing gluooco concentration. It is likely that the two steps of the process occui 

simultaneously to some extent (although at different rates), but the results of Figure 1 5 indicate 
that the first step of the process predominates and henoe the degree of glucose depletion from 
the device depends more on the initial deytee of hydration of the skin than on the concentration 
of glucose in the interstitial spaces. The Ham plotted in Figures 16 and 17 indicate that the 
25 degree of skin hydration, measured over a reletively short period of time, increases with Wood 
ylucose concentration. 

Returning to the data plotted in Figures 3, A and 5, In which the substrate 
bearing glucose was paper, the substrate beau* insufficient water for the hydration process to 
occur appreciably, the second step of the process predominates and hence the degree of 
30 glucose depletion from tho paper substrate b inversely related to the concentration of glucose in 
the inteistitiai spaces and hence also to blood glucose concentration. 

A substrate of the present invention, for use in connection with on oopect of this 
invention in which glucose 19 loaded to the substrate uiiui to use has the property that a surtable 
amount of glucose can be loaded to the substrate and retained by thn snhsrrat*. subject to 
as prop*r storage, until the substrate is brought into contact with skin A substrate for use in 
connection with an aspect of (Jib invention in which glucose transfers to an unloaded substrate 
has the proiwrtythat transfer, [#T 'diffusion ofthe "glucose into the substrate occurs readily. 

Tho tcctcubjccb of the experiments described above were non-diabetic and 
free of any appaienl endocrinological abnormality that would compromise the observed result* 
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Studies were performed In the morning on footing subjects. After baseline measurement* on 
footing, food was invested tu raise blood glucose levels. Studies continued until Mood glucose 
levels declined to baseline levels 

In accordance with the theory proffered above for the result* shown in Piy ure 1 5, 
5 It ts contemplated that a moratory substance other man glucose could be monitored in order to 
determine the blood glucose level of a subject In one contemplated approach, an aqueous 
solution of a substance which* like water, miyi ales readily into Interstitial spaces could De used. 
In a second alternative contemplated approach, an aqueous solution of a substance which, tike 
giucoce, migrates slowly into the interstitial spaces could be uaed. In either case, a substance 
i o mat provides advantageous llght-absorbance characteristics for convenient monitoring could be 
chosen. Further, since It might well be possible to use a substance which » not procont in tho 
interstitial spaces of skin (or occurs at a constant concentration therein) the rate of the second 
step of tne process would be uncomplicated by the presence nf the substance in the interstitial 
space, as could potentially cause problems with glucose. The uao of such e substance would 
1 5 thus provide tire added ad vantage that the diffusion thereof would be Independent of glucose 
concentration and has the potential of providing even more reliable results than thoso obtainable 
through the monitoring of glucose. 

A particularly useful embodiment of the present invention relies on the 
relationship between measured impedance and blood gluoocc level. It is possible to non- 
20 invasrvely measure impedance of skin tissue using a device which operates along the lines of the 
Surface Characterizing Impedance Monitor (SCIM) developed by Olimar ('Instrument evaluation 
of don irritation*, P.Y. Rizvi, 8.M. Morrison, Jr., MJ. Grove and G.L Grove, Cosnwtics 6 
Toiletries.. Ill: 39, 1996;" tiectneal impedance indetin human skin- Measurements after 
occlusion, in 5 anatomical rogions and in mild irritant contact dermatitis", L. Cmtestam and 3. 
20 Olimar, Cunt. Derm. 2S; 337, 1975; "Electrical Impedance for estimation of Irritaeon in oral 

mucosa and skin", S. OUmar. £. Eek t F. Sundstrom and L Emteetam, Medical Progress Through 
Technology, 21 : 29, 1995; ■Electrical impedance compared with other noninvasive 
bioengineering techniques and visual scoring for detection of irritation in human skin", S. Olimar, 
M. Nyren, I Nicandcr ond L Emtestam, Brit. J. Dermetol. 130: 29, 1994.) which measures 
30 biolelectricai impedance of the skin at muiopie frequencies. 

In one aspect, electrodes of such a device arc placed in conductive contact with 
a subject's skin in order to measure Impedance (Z) at various frequencies (0 In a range from a 
few Hertz (hZ) to about 5 Mhz. Electrodes of the device are electrically connected to a metering 
device which indicates the impedance at a selected frequency of applied voltage, as understood 
35 by a person skilled in the art. In a preferred embodiment ot the invention, the device is 

programmed to operate at the selected frequencies in rapid sequence. Alternative modes of 
operation are posaiReTfor example fUie voltage can be rapidly increased with Ome and Fourier 
transformation carried out to obtain a frequency spectrum. Ratios of impedance measured at 
various frequencies are determined and tho blood glucoso level of the subject ts measured 



WO 98/04190 



PCI7US97/13267 



-15- 

direcrjy. This promts is related at different times so as to make the determination at a number 
of different glucose levels. In this way. ratios of impedance detei mined at particular frequencies 
which are tound to reproducer/ reflect a person's blood glucosa i«val* ru, ftr a range of glucose 
levels are determined. The rattoo of measured Impcdoncc et the selected frequencies can thus 
5 be cucrefeled with directly measured glucose levels, that is. a plot In which tog(Z^2y vs log (0 is 
a linear correlation, or an approximately linear correlation, to determined. This relationship is 
then uaed to determine the blood glucose level of the person directly from ratios of s'ruitdily 
obtained Impedance measurements, thus avoiding an Invasive technique for obtaininrj the blond 
glucose level. Impedance includes both resistance end reactance. 

10 11 » >«y b» A*"* fo' « ui oporuon of the population mat mere Is a universal set or 

impedance frequency ratios, thus avoiding the necessity of determining individual correlations, 
it h important, of course, to be able to reliably reproduce results as much as 
possible tn order for mis type of device to be useful. To this eno an appropriate skm site is 
chosen. Generally speaking, an undamaged skin site and one that k not heavily ecarrcd would 

1 5 be chosen. A skin site having a stratum corneum which is less likely to delelaibusly interfere 
wtm tne measurements a chosen. A likely possibility is the volar forearm, down to the wrist, or 
behind an ear. The ekin curfaco con be treated just prior to measurement in order to render the 
stratum corneum more electrically transparent by application. Tor example, of a physiological 
saline dressing for about a minute. Excess liquid should be removed before application of the 
20 probe. 

Given the Importance of reliable glimosa | ft vel determinations in setting insulin 
edminietratione, rt ic important thot the Invention be uaed only in circumstances In which rt is 
known ihui (he approach described herein reliably indicates alucose levers of a subject, n is 
noadhlA that the inwmtinn would not be suitable for use with a gh/en proportion of the population 

2S or 100% of the time with e given individual. Tor example, an individual may have a skin condition 
wTiich deietenously interferes with impedance measurements, making it difficult to assume that 
impedance measurements can reliably indieate a percon'c blood glucose level. For auch a 
person, a different apptoauh lo glucose level determination would be more suitable. 

It may be advantageous to optimize the spacing of the electrodes of the probe. 

30 Thot is, It may found that the electrodes of a CCIM probe are too close to each other to p, ovkJe 
maximally reproducible results. An object of a suitable probe is to have electrodes spaced from 
each other to obtain optimal penetration of current into tissue containing glucoco In ho interstitial 
spaces. It b expected that electrodes spaced somewhere between about 0.2 mm ana about 2 
cm are suitable. 

35 Additionally, the use of a gel can improve skin-probe contact to more reliably 

produce useful measurement, as would oe Known to a person skilled in tne art. e.g.. a gel 
' enmprisino mrSty water in~combination with a thickener such as Cellusize. glycerin or propylonc 
glycol as a moisturizer, and a suitable preservative. 
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ln one embodiment, a meter is worn hi whtoh a probe to oontmuouety m contact 
with the «Mn and moisture buildup between occlusive electrodes and the sMn to sufficient to 
obtain oaeful measuremente. the device can be mountabte on a pereon'e farearm, much Ska a 
wristwatch. suchanembc^lmertmlgmnotprovetobeiieenilfDriilleubJecte. 

As previously stated, It might be found to be necessary tor a meter to be 
calibrated IndMduelly, that to, it might be necessary to determine the relationship between 
aacerteined Impedance raBosand blood glucose level, of sntadMdual -nd base the operation of 
the particular meter for that IndivtduaJ on the relationship. 

Beoause Wood gluooae level determlnatlona of the preaent invention are non- 
invasive end relatively painless it la possible to mate auch determlnatlona wtth a greater 
frequency then with a conventional ptn-priok method. In e parttoularly advantoaeoue 
embodiment, blood olucose levela are monitored quite frequently, say every fifteen or five, or 
even one minute or less, and an insuUn pump Is lnterlaeed vUth the meter to provide continual 
control of blood glucose In response to variations of Wood glucose levela eacertelned by means 
15 of tho meter. 

All references cited above are Incorporated herein by reference. 

The Invention now having been described, Including the beet mode currently 
known to the inventor, the claims which defins the scape of the protection sought for the 
invention follow. 
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CLAIMS 

1 . A method foi muiiUotuiy Um level of glucose in a body fluid of a subject, the memod 
comprising the steps of: 

contacting a oldn ourfocc of the subject with a aubetrate oapebie of absorbing water to permit 
5 migration of water between me substrate and the sttri; 

monitoring the migration of water between tho substrate and the skin; and 
determining tho amount of glucose In the body fluid based upon the monitoiod amount of 
water migration. 

2. The method of claim 1 wherein the body fluid b intcrotitiol body fluid, 
i 0 3. The method of claim I where in body fluid Is blood. 

4 The m«mnri of claim 1 wherein the skin is contacted with the substrate for a predetermined 
time period and monitoring the migration of water includes weighing the substrate subsequent to 
the contacting step. 

5. Tho method of claim 4 wherein the time period ie between about 1 minute and about 2 hours. 
15 e. The method of claim 5 wherein ihe lime period is between about 5 minutes and about 1 hour. 
7. The method of claim 6 wherein tha hm» pflrinrf is between about 1 0 minutes and about AS 
minutes. 

d. The method of claim 7 wherein the time period is between about M minutes and about 40 
minutes. 

20 9. The method of claim 0 wherein the time period is about 30 minutes. 

10. I no method of claim 4 wherein the substrate comprises: paper 

11 . The method of claim 10 wherein the substrate hes e contact area with the skin of between 
about 1 cm 3 and about 9 cm 2 . 

12. The method of daim 11 wherein the substrate has a contact aroa of about A cm 2 . 

25 13. The method of claim 10 wherein the substrate beais a sufficiently small amount of water 
prior to the contacting step such that the min/ahon nf wafp.r is from the skin to the substrate 
during the contacting dep. 

14. The method uf claim l wheroin the monitoring step includes measuring electrical resistance 
nf the fltirmtrafte in c/wfcad with the skin surface. 
30 1S. The method of claim 14 wherein the substrate is paper. 

10. The method of claim 15 wherein the substrate bears a sufficiently small amount of water 
prior to the contacting stop, such that the migration of water rc from the sWn to the substrate 
during the monitoring st«u. 

17. The method of claim 14. wheraln determining the amount of glucose in the body fluid 
35 includos determining the length of time it takes the measured resistance to change a fbre*J 
"amount. ~ 
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18. The method of claim 17. wherein the substrate is paper which bears a sufficiently small 
amount of water prior to the contacting step such that tho migration of water rc from the skin to 
the paper during the contacting stop and the change in measured resistance is negative. 

19. A method for monitoring the level of glucose present in » hody fluid of a subject, thft method 
5 comprising: 

contacting a stdn surface of the subject wtth an aqueous glucose solution of predetermined 
concentration to permit migration of the water and the glucoee between interstitial ekin 
fluid and Uie solution, 

mnnHnrinrj the amount of glucose predentin the solution: and 
1 0 determining the amount of glucose in the body fluid based upon the monitored amount of 

glucose in the solution. 

20. The method of claim 19 wherein the predetermined concentration of glucose in the solution 
is sufficiently high that migration of the glucose is from the solution into the interstitial skin fluid. 

21 . The method of claim 20 wherein the monitoring step includes determining the amount of the 
1 5 glucoco in the solution after the cubctratc has been in contnot with the akin for o predetermined 

length of time. 

22. The method of claim 21 wherein the predetermined length of time is between about 1 minute 
and about 2 hours. 

23. The method of claim 22 wnerein the predetermined length or Dme is between about 5 
20 minutes and about 1 hour. 

24. The method of claim 23 wherein the predetermined length of time is between about 10 
minutes end about 45 minutes. 

25. The method of claim 24 wherein the predetermined length of time is between about 20 
minutes and about 40 minutes. 

25 26. The method of claim 25 wherein the predetermined length of time is about 30 minutes. 

27. The melhud uf claim 19 wtieiein the aqueous solution includes a werflnp agent. 

28. The method of claim 27 wherein the wetting ag«nt includes propylene glycol. 

29. The method of claim 20 wherein the concentration of glucose is between about SO and 
about 1000 mqs/dL prior to tne contacting step. 

30 30. The method of claim 29 wherein the concentration of glucose is between about 200 and 
about 700 mga/dL prior to the contacting step. 

31 . I he method ot claim 30 wherein the concentration of glucose is b*»twe«n ahnut 400 and 
about 600 mgc/dL prior to the contacting step. 

32. The method of claim 31 wherein the concentration of glucose is about 475 mgs/dL pnor to 
.15 the contacting step. 

33. The method of claim 19 wherein a semi-permeable membrane is located between Uie 
solution and the skin to provide indirect contact ot the skin and solution therethrough durino the 
contacting step. 
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34. The method of claim 21 wherein the body fluid is blood and determining the amount ot 
glucooo in the blood include© correlating the determined concentration of glucoce in the colubon 
wtm directly determined blood glucose levels. 

35. The method of claim 10 wherein the volume of the solution is between about 0 1 ml and 
5 about 1 mi. 

36. The method of claim 3b wherein tne volume or tne solution ts between about u.2 mi and 
about 0.7 ml. 

37. The method of claim 36 wherein the volume of the wluliwi ts between about 0.3 nil and 
about 05 ml. 

10 38. The method of claim 37 wherein the volume of the solution to about 0.4 ml. 

39. The method or claim 19 wherein there is contact area between the skin and solution of 
between about 0.05 in 2 (0.3 em^ and about 4 In 2 (25 cm 2 ). 

40. The method of claim 39 wherein the contact area b between about 02 in* (1 .3 cm 2 ) and 
about 1 m l (6.5 cm*). 

15 41 . The mothod of claim 40 wherein the contact area te about 0.4 in 2 (2.6 cm 2 ). 

42. The method of claim 1 9 wherein the solution is contained within a hand-held device and the 
device includes a solution contact area dimensioned for contacting the solution with a wrist of a 
human subject 

43. A method Tor monttonno glucose tn a body iiukj ot a subject, tne method comprising: 

20 contacting a ckin curfaoe of the subject with a cubctrat© eubctan bally free of glucoce co ac to 
permit migration of glucose between the body fluid and the substrate; 
monitoring the amount of glucose present in the substrate: and 

determining the amount of glucose in the body fluid baaed upon the monitored amount of the 
glucose in the substrate: and wherein. 
25 the substrata tc free of a glucose transport inhibitor or an exogenous source of energy, or the 
skin ha* not been induced to sweat. 

44. The method of daim 43 wherein the substrate is paper. 

45. A method for monitoring tho blood glucose level of a subject, comprising the steps of: 
contacting a sWn surface of the subject with a substrate bearing a Known amount or glucose. 

30 so as to permit migration of glucose between the skin and the substrate; 

monitoring the amount of the glucose in the substrate; aixJ 

determining the blood glucose level nf the subject basfid upon the monitored amount nf 
glucose In the substrate, 

46. The method of claim 45 wherein the substrate is paper. 

35 47. The method of claim 46 wherein the known amount of glucose is sufficiently high that 
migration of the glucose is from the substrate and into the skin. 
46\ The method of claim 4*> wherein the substrate is a gel. 

49, A device for monitoring the level of blood glucose of a subject, the device comprising: 
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a substrate bearing a known amount ot glucose, the substrate having the property that the 
glucose con freely diffuse, when in contact with human akin, along a concentration 
gradient of the glucose between the substrate and skin, the substrate including a surface 
for said contact; and 
5 an occlusive covering. 

50. (he device of ctemi 49. wherein me device is a hand-hew device and the contact area rs 
dimoncionod for caid contact with a wrict of a human subject 

51 . The device of claim 30, wherein saki contact surface b provided by a membrane permeable 
TngliionsA 

10 52. The device of claim 51 , wherein said contact area k between about 0.05 in 2 (0.3 cm 2 ) and 
aix>ui4in a (23cm*). 

53. The device of claim 52 wherein the substrate is paper. 

54. The device of claim 52 wherein the substrate is a water based gel. 

55. The device of claim 54 wherein the volume of the gel ts between about 0.1 ml and about 1 
15 ml. 

56. The device of claim 51 , wherein said memorane ts provided wtm a releasable protective 
covering. 

57. The device of claim 54, wherein the concentration of glucose is between about 50 mgs/dL 

and about 1000 mgs/dL. 

20 58. A device for monitoring the level of blood glucoce of o cubjoct, the device comprising: 
a well containing an aqueous glucose solution of predetermined concentration; and 
a surface bearing a pressure-sensitive adhesive surrounding an upper portion of the well, to 

permit mounting of the device on a skin surface of the subject with the solution in contact 

wtm the stan surface. 

25 59. The device of claim 58, further comprising moane for obtaining a sample of the glueoee 
solution from the well when the device m mounted uii the skin suiface. 
60 The rlftvica nf claim 59 wherein said means is a membrane located to be accessible when 
the device is mounted on the skin surface and such that it may be punctured in order to obtain 
the sample. 

30 61. A mothod for non-invasivery monitoring glucose m a body fluid of a subject, the method 
comprising: 

measuring impedance between two alectrodfts in cnnrinrtfvn contact with a skin surface of 
tho cubject; ond 

determining the amount of glucose tn the bodv fluid based upon the measured impedance. 
35 62. The method of claim 61 wherein the body fluid is blood. 

63. The method of claim 62 wherein determining the amount of glucose includes comparing the 
measured impedance with a predetermined relationship between impedance and blood glucose 
level. 

04. The method of cJaini 61 , 62 ot 63 wherein the subject Is human. 
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65. The method of claim 61 . 62 or 63. including measuring impedance at a plurality of 

frequencies, determining ratio of one or more pairs of measurements and wherein 
dotonnining tho amount of glucose in th* body fluid includes uompdiiity Ui« dtsleiutii ied iatio(s) 
with corresponding predetermined ratlo(s). 
5 66. Tho method of cloJm 65 wherein the ckln surface b located on tho volar forearm. 

67. The method of claim 66 wherein the sWn surface Is ireated with a saline solution prior to the 
measuring stop. 

66. The method of claim 67 whorein an electrically conductive ge) is applied to the akin to 
enhance me conducove contact or the electrodes with the skin surtace during the measuring 

10 step, 

69. The method of daim 6 1 , 62 or 63, wherein the electrodes are in operative connection wtm a 
computer chip programmed to determine the amount of glucose in tho body fluid based upon the 
measured impedance. 

70. The method of claim 69 wherein an indicator is operaih/ely connected to tne computer chio 
1 5 for indication of the determined amount of glucose to tho subject. 

71 . The method of claim 70 wherein tho indicator provides a visual display to the subject 
12, I he method ot claim 69 wherein the computer chip is operatively connected to an insulin 
pump and tho computer chip © furthor programmed to adjust the amount of inaulin flow vie the 
pump to the subject in response to the determined amount of glucose. 

20 73. The method of claim 61 , 62 or 63, wherein the electrodes are spaced between about 0.2 
mm and about 2 cm from each other. 

/4. An ap&aratus tor non-invasive monitoring of glucose in a body fluid of a subject, th* 
apparatus comprising: 

means foi measuring impedance of skin tissue in response to an voltage applied tnereto: and 
25 a microprocessor operatively connected to the means for measuring impedance, for 
determining the amount of glucose in tho body fluid based upon the impedance 

measurement. 

75. The apparatus of claim 74, wherein said meant for measuring impedance of okin tissue 
includes a pair of spaced auail elecliodes fui electrically conductive contact wtth a skin surface. 
30 76. The apparatus Of claim 75. wherein said microprocessor j$ programmed to compare the 
measured impedance with o predetermined correction between impedance and blood glucose 
level. 

77. The apparatus of claim 76, including means for measuring impedance at a plurality 
frequencies of said applied voltage, wherein the programme fuiUiei include* means for 

3b determining the ratio ot one or more pairs of the impftrianr* meaRiirflmAnt* and means for 
comparing the determined ratio(o) with corresponding predetermined retio(s) to determine the 
amount of glucose in U>e body fluid. ~ 

78. The apparatus of niatm 74 75. 76 or 77, further comprising an indicator operatively 
connected to the microprocessor for indication of the determined amount of glucose. 
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73 Th« apparatus of claim 78 wherein the indicator provides a visual display. 
30. The apparatus of claim 76 wherein the microprocccoor b opcrotivcly connected to on inoulin 
pump and includes means to adjust me amount of Insulin flow vta the pump to the subject In 
response to the determined amount of glucose. 
5 81. The apparatus of claim 75, 70 or 77 wherein the electrodes are spaced between about 0.2 
mm and about 2 cm from each other. 

82. The opparotuc of claim 7fi including a caee having meane for mounting the apparatus on the 
forearm of a human subject with the electrodes in said electrically conductive contact with a skin 
surface of the subject. 
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